INTRODUCTION
It is well known that fluids playa very important role in the formation and migration of natural gas and crude oil. Fluids can serve as a vehicle for migrating gas and oil from a source rock to a reservoir area, However, metal ions are widespread in fluids. The metal-bearing fluids can react with organic matter by TSR, forming sulfides, This reaction is especially important for carbonates because of the low Corg content.
The European Permian system contains, in its basal Zechstein unit, carbonates and black shale ( Figure, I ), The black shale is referred to as "Kupferschiefer". According to Jowett (1986; 1992) , metals (Cu, Pb, Zn) were leached from the Rotliegend basement and transported to the basal Zechstein carbonate in oxidizing solutions. Previous studies showed that there are two different ways, secondary oxidation and sulfide formation, influencing the organic matter in the basal Zechstein (Sun, 1998) . Secondary oxidation has been studied by many authors (Ptittmann et al., 1988 (Ptittmann et al., , 1989 Sun, 1998) . The influences of sulfide formation have not been studied in as much detail as has secondary oxidation.
In order to clarify the influences of sulfide formation on organic matter in the basal Zechstein carbonates, 70 samples from southwestern Poland were analyzed microscopically and by organic geochemical methods. The influences of sulfide formation on bulk organic parameters, saturated and aromatic hydrocarbons have been reported by Sun (1996 Sun ( , 1999 . In this paper, eight carbonate samples were selected and the microscopic results are discussed.
ANALYTICAL METHODS
Sulfide mineral investigations were carried out on polished block samples using a Leitz MPV2 reflected light microscope equipped with a halogen lamp (oil 32/0.65, 548 nm, 3x3 JIm, EMI9592 S-II).
The organic carbon content (Corg) was measured using a Leco CR-12 carbon determinator. Carbonates were removed from the samples by prior treatment with concentrated hydrochloric acid.
Metal contents were determined by instrumental neutron activation analysis (lNAA) at ACTLABS, Toronto, Canada. (Oszczepalski, 1989) .
RESULTS AND DISCUSSION Petrology
The microphotographs obtained from a polished sample show the presence of large copper sulfides intimately associated with organic matter (Plate la). The organic matter is without any texture and, therefore, refers to bitumen. The reflectance of the bitumen is between 0.7 % and 0.9 % Rb which alIows one to classify it as pyrobitumen according to the classification of Landis and Castano (1995) . The pyrobitumen is disseminated in the intergranular pores of the sample (Plate Ib). The occurrence of copper sulfides in both samples is not only associated with the presence of pyrobitumen but also with the occurrence of large saddle dolomites (Plate l a.b), According to Machel (1987) , saddle dolomite can be a by-product of chemical compaction and thermochemical sulfate reduction. Moreover, copper sulfides occur as fracture fillings indicating their formation after sediment deposition. The texture of the sulfide minerals argues against their precipitation during the sediment deposition. When metal sulfides are precipitated during deposition, mediated by bacterial processes, one expects the formation of framboidal textures of copper sulfides (Sawlowicz, 1990) . In the Zechstein carbonates most of the copper sulfides do not have a framboidal texture and are present as crystals with sharp edges similar to those previously described from the Kupferschiefer of southwestern Poland (Niskiewicz, 1980) . According to the results from petrological analyses, copper mineralization is diagenetic. Sulfide formed close to organic matter or replaced organic matter;they have a clear association (Plate la,b).
Relationship of metal contents and Corg contents
Three metal contents (Cu+Pb+Zn) and Corg contents of eight selected samples from Lubin, Rudna, Polkowice and Sieroszowice mines are listed in Table I . The samples from Rudna, Polkowice and Sieroszowice mines were taken from the same profiles, respectively. Samples R19 and R20 were deposited in the same environment and should have same Corg contents; such is also expected for samples P5 and P6, S3 and S6. However, the Corg contents between R19 and R20, P5 and P6, S3 and S6 are different. The samples with lower metal contents have higher Corg contents. This phenomenon may indicate that the metal enrichment process destroyed some organic matter. Similar results have been reported by Jowett (1986 Jowett ( , 1992 , Sun et al. (1995) and Sun (1996) , who found that the metals migrated with fluids from the Rotliegend. Metal (Cu, Pb, Zn) sulfides were formed mainly by TSR in the basal Zechstein from southwestern Poland. Organic matter was depleted by the reaction of sulfide formation. In the samples from the Lubin mine, this trend is not observed. The reason may be due to the different sampling locations. Both samples were taken from two profiles at the Lubin mine and were deposited in different environments, with different origin Corg contents.
Possible mechanisms of sulfide formation The major objective of the present study is to clarify the mechanism of metal sulfide precipitation in carbonates. Rentzsch (1974) describes the occurrence of the predominance of diagenetic copper sulfides in the basal Zechstein from Germany. The formation and characteristic of the ascending, oxidizing fluids has been reported by Cathles et al. (1993) . According to their calculations, about 2800 km 3 brine (expelIed from the Rotliegend and Carboniferous) migrated to the basal Zechstein only in the Lubin basin. These brines brought considerable Cu, Pb, Zn and sulfate into basal Zechstein. The basal Zechstein is more reduced than Rotliegend. TSR could occur in this condition (Sun, 1996) . The occurrence of pyrobitumen and saddle dolomite also indicates that sulfides were formed by Thermochemical Sulfate Reduction. Orr (1977) proposed the following reaction scheme: H 2S can be used for the precipitation of dissolved Cu according to the following reaction schemes:
Therefore, enrichment processes of base metal are destruction processes of organic matter.
The average Cu-Pb-Zn content of the samples from basal Zechstein carbonate is approximately 6 g/kg rock (Table I ). According to the reaction schemes, about 0.141 g of hydrogen originating from hydrocarbons is necessary for the precipitation of approximately 6 g of copper as 50% of each Cu2S and CuS (1000 g carbonate).
Comparing this depleted Corg content with the total average Corg content (average 3.2 g/kg rock, Table I ), about 4.4% organic matter was depleted by TSR. This value is much higher than the oil generation ratio of kerogen, which may be one of the important reasons that there is no commercial reservoir in this area. CONCLUSIONS Results indicate that organic matter served as a hydrogen donor for TSR in the processes of sulfide formation. This reaction is particularly important for carbonates because of its lower Corg content. If metal (Cu, Pb, Zn) content reaches 0.6%, and Corg content is 0.3%, almost all oil and gas from kerogen will be destroyed by sulfide formation.
